Livestock depredation has implications for conservation and agronomy; it can be costly for farmers and can prompt retaliatory killing of carnivores. Lethal control measures are readily available and are reportedly perceived to be cheaper, more practical and more effective than non-lethal methods. However, the costs and efficacy of lethal vs non-lethal approaches have rarely been compared formally. We conducted a 3-year study on 11 South African livestock farms, examining costs and benefits of lethal and non-lethal conflict mitigation methods. Farmers used existing lethal control in the first year and switched to guardian animals (dogs Canis familiaris and alpacas Lama pacos) or livestock protection collars for the following 2 years. During the first year the mean cost of livestock protection was USD 3.30 per head of stock and the mean cost of depredation was USD 20.11 per head of stock. In the first year of non-lethal control the combined implementation and running costs were similar to those of lethal control (USD 3.08 per head). However, the mean cost of depredation decreased by 69.3%, to USD 6.52 per head. In the second year of non-lethal control the running costs (USD 0.43 per head) were significantly lower than in previous years and depredation costs decreased further, to USD 5.49 per head. Our results suggest that non-lethal methods of human-wildlife conflict mitigation can reduce depredation and can be economically advantageous compared to lethal methods of predator control.
Introduction
Depredation of livestock is a principal cause of human-wildlife conflict (Sillero-Zubiri & Laurenson, 2001) . It incurs high costs for livestock-keepers and provokes both retaliatory and preventative killing of carnivores, which may threaten their survival locally or globally (Kruuk, 2002; Ray et al., 2005; Macdonald et al., 2013) . Pastoralists in the Serengeti have reported that the cost of depredation amounts to c. 19% of their annual cash income (Holmern et al., 2007) , and in Bhutan attacks on livestock by carnivores cost farmers over two-thirds of their annual cash income, on average (Wang & Macdonald, 2006) . In the USA the annual cost of depredation to the livestock industry is USD 40 million (Conner et al., 2008) . Even greater losses are reported in South Africa, where a survey in 2010 estimated that the annual cost of depredation to the livestock industry is USD 171 million (van Niekerk, 2010) , although a 2007 census estimated the cost to be USD 22 million (Statistics South Africa, 2010) . The disparity between these two estimates raises uncertainty as to their accuracy but both reveal a perception that losses to carnivores are high.
Ideally tools for reducing depredation should benefit both farmers and wildlife conservation. Desirable features of interventions include persistent efficacy, minimal unintended environmental consequences, selectivity towards problematic individuals, lower cost than that of the depredation prevented, and social acceptability. Traditionally farmers have attempted to prevent depredation, or retaliate, by killing predators (Hone, 1994; , often with negative effects on carnivore populations (Sillero-Zubiri & Laurenson, 2001; Woodroffe et al., 2005; Loveridge et al., 2010) . In South Africa, encouraged by the government, farmers have employed lethal control of predators, using methods such as gintraps (leg-hold traps), gun-traps, poison and hunting, with and without hounds, to eradicate carnivores and other problem animals (Daly et al., 2006) . As recently as the 1990s formal bounty systems were in place for most of the terrestrial mammal species that were perceived to cause conflicts with commercial agriculture, and lethal control is still common on livestock farms (Daly et al., 2006) . Despite these measures depredation remains a problem in the livestock farming sector, with indications that losses are increasing (Avenant & du Plessis, 2008) .
Lethal control is often considered the cheapest and most effective method of reducing depredation (Conover, 2001; Mitchell et al., 2004) but it is not without problems: it may miss problem individuals and it often fails to eradicate depredation (Avenant & du Plessis, 2008) and involves ongoing commitment and expense (Conover, 2001; Mitchell et al., 2004) . It is commonly unselective and there is little evidence of cost-effective diminution of livestock losses (Treves & Naughton-Treves, 2005; Berger, 2006) , as predators learn to avoid control efforts (Brand et al., 1995; Knowlton et al., 1999) . Methods such as leg-hold traps, snaring and poisoning are largely indiscriminate and often kill non-target species (Rochlitz et al., 2010) ; in South Africa, this includes threatened species such as Cape vultures Gyps coprotheres (Bamford et al., 2007) . Unintended outcomes of removing territorial predators can include an influx of replacement individuals, potentially increasing the local predator population and the risk of depredation (Crooks & Soulé, 1999; Knowlton et al., 1999) , through what are known generically as perturbation effects (Tuyttens & Macdonald, 2000) . Furthermore, lethal control has led to the extermination of populations of large carnivores (Kruuk, 2002) , resulting in debates amongst conservationists, farmers and the general public (Treves & Karanth, 2003; Graham et al., 2005) .
The inadequacies of lethal control methods have focused attention on possible non-lethal interventions. One advantage of non-lethal control for territorial species is that it does not cause social perturbation in the way that lethal control can do; instead, the target individual is allowed to remain in its territory and although its behaviour may be altered (e.g. in the case of learned food aversions) other ecological relationships remain intact, including exclusion of potentially invading conspecifics (Reynolds, 1999) . Possible non-lethal interventions include corralling livestock during periods of vulnerability (Schiess-Meier et al., 2007) , installing predator-proof fencing around small vulnerable areas (Breitenmoser et al., 2005) , using shepherds (Shivik, 2006) , installing fladry (Davidson-Nelson & Gehring, 2010) , translocating species (Bradley et al., 2005) and using conditioned taste aversion (Cox et al., 2004) , other learned food aversions Baker et al., 2008) or odour (Atkinson & Macdonald, 1994) , chemical, visual or acoustic repellents (Mason et al., 2001) . Guardian animals, particularly livestock guardian dogs, are another popular method and have been found to decrease depredation by 10-100% on ranches in the USA (Linhart et al., 1979; Coppinger et al., 1988; Andelt & Hopper, 2000; Gehring et al., 2010) . They have also proved effective in southern Africa: in Namibia, 73% of farmers who used guardian dogs reported a significant decline in livestock depredation (Marker et al., 2005 (Marker et al., , 2010 . Other guardian animals that behave aggressively towards stock-predators can also be effective, such as donkeys Equus africanus asinus, alpacas Lama pacos and llamas Lama glama (Conover, 2001) . A promising but largely untested technique is the use of protective collars made of a strong epoxy-metal mesh. Carnivores typically kill their prey by a fatal bite to the neck, and these collars protect the vulnerable neck area, increase the effort needed by predators to kill livestock, and reduce the likelihood of a fatal bite.
Such methods have the potential to be more selective than lethal predator control, targeting only those animals attempting to kill livestock. There is evidence that non-lethal interventions can reduce depredation (Breitenmoser et al., 2005) , with the added benefits of favourable public perception, improved animal welfare and reduced non-target casualties (Treves & Naughton-Treves, 2005) . Non-lethal methods may be more compatible with conservation objectives and less likely to trigger perturbation effects, including counter-productive ecological cascades such as mesopredator release (Beasom, 1974; Crooks & Soulé, 1999) . However, some controls can have negative consequences: from the early 1900s to the 1960s most farms in South Africa were fenced to prevent depredation (Beinart, 2008) but fencing large areas may restrict the movement of wildlife (Knowlton et al., 1999) . Livestock guardian dogs may attack wildlife if not properly managed (Green et al., 1984) . Furthermore, although comprehensive audits are few, non-lethal mitigation techniques are sometimes considered more expensive (Mitchell et al., 2004) and less long-lasting than lethal predator control (Shivik, 2006) . There is a dearth of rigorous accounting of the full life-cycle costs and benefits of alternative interventions. Here we assess the efficacy and economics of lethal control of carnivores compared to three non-lethal mitigation techniques over a 3-year period.
Study area
Our study took place on 11 commercial livestock farms at altitudes of 500-2,000 m in the Eastern Cape Province of South Africa (Fig. 1) . Mean farm size was 4,291 ha (1,500-10,000 ha) and the farms covered a total of 47,200 ha and received annual rainfall of 230-480 mm. During the period of the study no unusual climatic conditions were experienced. There was extensive grazing on all farms apart from Farm 2, where high-intensity, short-duration planned grazing rotation was employed (Savory, 1983) . Farms were subject to varying degrees of depredation and different environmental conditions, and represented at least one of four major biomes: (1) Albany thicket, with relatively dense, woody vegetation of mean height c. 2-3 m (Mucina & Rutherford, 2005) , dominated by Portulacaria afra (spekboom) and Rhus sp.; (2) Afrotemperate forest (Mucina & Rutherford, 2005) , with yellowwood Afrocarpus falcatus and forest elder Nuxia floribunda in mountainous gorges; (3) Sandstone fynbos, which was prolific on higher-altitude farms and commonly included Protea and Erica; and (4) Nama-Karoo, which is characterized by low sweet thorn Acacia karroo in annual river beds, shrubs intermixed with grasses, and succulent plants. All farms had blackbacked jackal Canis mesomelas and caracal Caracal caracal present and Farms 5-11 also had leopard Panthera pardus present. 
Methods
We conducted interviews with farmers from the 11 farms in September 2007 September , 2008 September and 2009 . The semi-structured questionnaire focused on farm description, quantity of livestock, number of losses and their perceived causes, depredation control methods, expenditure on control methods, and willingness to adopt non-lethal control methods. The same questionnaire was administered in person by the same researcher each year.
During the lethal-control year all farms except 1, 4 and 10 used gin-traps and hunting as their control methods. Farm 1 used gun-traps in addition to these methods, Farm 4 used only gintraps, and Farm 10 used only hunting. During the non-lethal control years implementation and running costs (e.g. veterinary costs and food for livestock guardian animals) were sponsored for nine farms for the duration of the study, after which each farmer took responsibility for any costs. Two farms (2 and 4) chose to pay the implementation and running costs of their preferred control methods for the duration of the study and thereafter. The recruitment of farmers was facilitated by sponsorship of the controls.
The allocation of the various non-lethal controls was based on the farmers' willingness to work with livestock guardian animals, and on local conditions. To ensure accurate identification of causes of livestock losses, farmers attended training workshops and received detailed identification kits and descriptive manuals on kill identification (Smuts, 2008) . When livestock was depredated, trained conservation officials and/or one of the researchers, and the farmer, undertook carcass inspections to determine if the death was caused by a predator and, if so, by which species. If there was doubt, photographs were taken and conclusions were made by external experts. Because of the size of the farms, sometimes carcasses were not discovered until it was impossible to determine the cause of death. These were excluded from analyses and cause of death was recorded as unknown.
Initial data were collected during August 2006-August 2007 (the lethal-control year) and all farms converted to non-lethal control in September 2007. Follow-up surveys were conducted at the end of September 2008 to collect data on the first non-lethal year, and at the end of September 2009 for the second non-lethal year. Therefore, the dataset for the first non-lethal year includes the initial conversion from lethal to non-lethal methods. Three farms received livestock guardian dogs (two received one dog each and the other received five), one farm received seven alpacas and the remaining seven farms received 'Dead-Stop' livestock protection collars (Klaas Louw, Cape Town, South Africa) for all stock.
Farmers received a one-off payment in the first year of implementation to cover the cost of purchasing guardian animals or collars (USD 553 per dog, USD 860 per alpaca and USD 3.50 per collar). Ongoing maintenance costs for guardian animals, such as feeding and veterinary care, averaged USD 432 per dog and USD 98 per alpaca per year. There were no running costs for collars in the first year but in the second year there was an additional replacement cost of USD 0.35 per collar for wear and tear (10% replacement). Maintenance costs for guardian animals remained the same in the second year. If the number of livestock increased between the first and second years of non-lethal control, costs for additional collars (one per additional stock animal) were included in year two. The cost of lethal control varied according to the different methods used by farmers. The cost of tools such as gin-traps and gun-traps was calculated as the cost of one labourer at minimum wage (USD 8.20 per day) because legally the devices must be checked once per day and most farmers assigned one worker to check and set these devices. The cost of hunting was calculated based on daily rates charged by professional vermin hunters (USD 79) and the number of days these hunters were employed (2-12 days per year). For each individual of a target species (jackal or caracal) shot by the hunter, an additional USD 122 was charged. To standardize depredation costs, the cost of one depredated animal was calculated at USD 147.42, the mean price for a weaned lamb. We use November 2011 prices and the exchange rate at that time of ZAR 8.14 = USD 1.
Total costs during the lethal-control year were calculated as the sum of running costs and depredation costs, in the first year of non-lethal control as the sum of implementation, running costs and depredation, and in the second non-lethal control year as running costs plus depredation. As lethal control had been used prior to the study, implementation costs for equipment such as gin-traps, gun-traps and poisons were not accounted, and therefore the overall cost of lethal control may be under-estimated. However, the running costs were considered a close representation of overall costs because items such as gin-traps lasted several years and hunting was calculated as a service rather than permanent equipment. Data were not normally distributed so we represented the range of variance of the results in the data between the comparative sites. However, when comparing our results with other studies that used mean data we used means in describing the central tendency. The Wilcoxon signedrank test for related samples was used to compare different years at the same sites and the Kruskal-Wallis χ 2 test was used to compare continuous variables between different farms. All analyses were conducted using SPSS v. 16.0 (SPSS, Chicago, USA).
Results

Costs of lethal predator control and non-lethal conflict mitigation
During the year of lethal control the cost of control measures was USD 3.30 per head of stock and the mean cost of depredation was USD 20.11 per head of stock (Supplementary Table  S1 ). With a mean total cost of USD 23.41 per head of stock (Supplementary Table S1 ), the cost to each farmer was USD 3,552-69,290 depending on their stock holdings (mean USD 29,046). There was no significant difference in total cost per head between farms that would later receive livestock guardian dogs, alpacas or collars (χ 2 = 3.81, df = 2, P = 0.149). When implementing lethal control farmers lost 4.0-45% of their stock (mean 13.6%; Supplementary Table S2) to depredation, which, given their stock holdings (Supplementary  Table S1 ), equated to a mean cost of USD 25,306 per farm (range USD 3,392-66,340).
The mean cost of implementing non-lethal techniques was USD 2.91 per head of stock (Supplementary Table S1 ). During the first year of non-lethal control the mean running cost was USD 0.17 per head of stock (Supplementary Table S1 ), or USD 336.76 per farm (range USD 0-2,160; there were no running costs during the first year for farms using collars; Supplementary Table S1 ). The mean combined implementation and running cost during this year was USD 3.08 per head, similar to the running costs of lethal control (Z = −255, P = 0.799). During the same year depredation was significantly lower than when using lethal control (Z = 2.93, P = 0.003). The mean decline in depredation was 69.3%, with depredation accounting for 4.4% of stock (range 0.1-15.0%; Supplementary Table S2 ) and costing farmers a mean of USD 6.52 per head of stock (Supplementary Table S1 ).
Therefore, the mean total cost per head during the first year of non-lethal control was USD 9.60 (range USD 1.49-28.82; Supplementary Table S1), significantly less (59.0%) than the cost when using lethal control (Z = −2.85, P = 0.004). The cost decreased on 10 of the 11 farms (range 41.8-89.9%) but on one farm (Farm 10) there was an 8.1% increase in costs relative to the lethal-control year (Supplementary Table S1 ). There was no significant difference in the decline in costs per head between farms using alpacas, dogs or collars (χ 2 = 4.33, df = 2, P = 0.115).
The second year of non-lethal control involved no implementation costs; mean running cost was USD 0.43 per head (Supplementary Table S1 ). This was significantly lower than both the running costs of lethal control (Z = −2.85, P = 0.004) and the combined running and implementation costs during the first year of non-lethal control (Z = −2.94, P = 0.003), although the costs were significantly higher than the running costs (excluding implementation costs) of the first year of non-lethal control (Z = −2.31, P = 0.021; Supplementary Table S1 ). Depredation, which accounted for 0.1-14.2% of the herd (mean 3.7%: Supplementary Table  S2) , at a mean cost of USD 5.49 per head (Supplementary Table S1 ), declined by 72.7% compared to the lethal-control year, which is a significant difference (Z = −2.93, P = 0.003; Supplementary Table S2) . Therefore, the cost of depredation declined by a mean of 15.8% compared to the first year of non-lethal control (Z = −1.79, P = 0.074), although on two farms using collars, depredation levels increased between the first and second years of non-lethal control (Supplementary Table S2 ). Based on stock holdings, during the second year of nonlethal control depredation declined by 73.9% compared to the lethal-control year and by 13.3% compared to the first year of non-lethal control.
The mean total cost per head of non-lethal control in the second year was USD 5.92 (range 0.72-21.62; Supplementary Table S1); this was significantly lower than the cost during the lethal-control year (Z = −2.93, P = 0.003). All farms reported lower total costs than during the lethal-control year, with a mean saving of 74.6% (range 54.1-95.1%; Supplementary Table S1 ). Overall costs were also significantly lower than during the first year of non-lethal control on all farms (Z = −2.93, P = 0.003), with a mean decline of 43.9% (range 25.0-76.7%; Supplementary Table S1 ). The saving per head in the second year of non-lethal control did not differ significantly between farms using different forms of control, when compared to the lethal-control year (χ 2 = 2.04, df = 2, P = 0.360) or the first year of non-lethal control (χ 2 = 2.51, df = 2, P = 0.285).
Avoided depredation and profit : loss ratios in different years
Although switching from lethal to non-lethal control resulted in significant declines in both depredation and total costs, this does not fully reflect the economic savings that were made. The non-lethal measures led to considerable cost savings through avoided depredation, assuming that depredation would have remained at the same level as under lethal control. Implementing non-lethal control saved farmers a mean of USD 13.58 per head of stock in avoided depredation (Supplementary Table S3) , which equates to a saving of USD 20,384 per farmer, based on the mean herd size of 1,501 in the first year of non-lethal control. Combined with a saving on running costs of USD 0.21 per head of stock (Supplementary Table S3 ), the overall saving compared to what would have been expected under lethal control was USD 13.79 per head, a mean saving of USD 20,699 per farmer. Given the total cost of implementation, running expenses and depredation during the first year, this gives a mean profit : loss ratio of 2.11 : 1, with all but one farmer showing a profit (Supplementary Table  S3 ). Where the running cost of lethal control was cheaper than that of non-lethal techniques, the lower-than-expected depredation still resulted in a profit (Supplementary Table S3 ). There was no significant difference in the profit : loss ratio between different forms of nonlethal control (χ 2 = 1.82, df = 2, P = 0.403).
In the second year of non-lethal control, farmers saved a mean of USD 17.41 per head of stock (range USD 3.29-47.67; Supplementary Table S3 ) compared to what would have been expected under lethal control. All farms had a positive profit : loss ratio compared to lethal control, saving a mean of USD 5.36 for every USD 1 spent (range USD 1.16-18.11; Supplementary Table S3) . As in the first year of non-lethal control, there was no difference in the mean profit : loss ratio between farms using different non-lethal methods (χ 2 = 2.04, df = 2, P = 0.360).
Comparing the 2 years of non-lethal control, two farms (18%) experienced higher levels of depredation in the second year and nine (82%) experienced slightly lower depredation (Supplementary Table S2 ). Compared to the first year of non-lethal control, these changes amounted to a profit : loss ratio of 1.23 : 1 (Supplementary Table S3 ). This ratio did not differ significantly according to the non-lethal method implemented (χ 2 = 0.90, df = 2, P = 0.637).
Post-trial follow ups
Observations made 13 months after the study finished revealed that 55% of the farms continued to use non-lethal control. All farms with livestock guardian animals (Farms 1-4) retained them at their own expense, two others (6 and 11) acquired livestock guardian animals in addition to existing methods, and one (Farm 10) only retained the collars. Just under half the farms (45%) combined both lethal and non-lethal methods after cessation of the trial; Farms 5, 7, 8 and 9 used both hunters and collars and Farm 3 used gin-traps, hunting dogs, hunting and collars.
After 30 months 36% of farms (2, 4, 8 and 10) used only non-lethal control, 46% (1, 3, 5, 6 and 11) combined lethal and non-lethal control, and 18% (7 and 9) used only lethal control. Depredation was reported to have remained the same by 30% of farms (4, 5 and 8), 30% reported an increase in depredation (7, 9 and 11) and 40% reported a decrease (1, 2, 3 and 10) since the end of the trial. This information was not available for Farm 6 because livestock farming was only reinstated 1 month prior to the interview. Six farms used livestock guardian animals (1-4, 6 and 11) but the dog on Farm 1 was shot by a neighbour who feared it would cause damage to livestock. The farmer did not replace the dog but instead placed lambing ewes in fenced camps to avoid losses at vulnerable times. Farms 3 and 4 made no changes to management and Farms 6 and 11 stopped farming livestock 19 months after the trial ceased, until April 2013 and December 2012, respectively. When livestock farming was reestablished Farm 6 re-acquired a livestock guardian dog and Farm 11 used shepherds and electrified lambing camps. Farms 7 and 9 used only lethal controls. Farm 9 reported that it was easier to implement because it was managed by a neighbour; Farm 7 undertook call-andshoot hunting over several farms to reduce predator numbers and avoid losses. Farm 8 used three livestock guardian dogs and Farm 10 used shepherds in mountainous areas. All farms except Farm 7 remained willing to pay for non-lethal controls; Farm 7 indicated that payment to use non-lethal control would increase the likelihood of its use.
Large carnivores are often highly valued at a global scale but have a low or negative economic value at a local scale (Dickman et al., 2011) . To address this, local revenue from carnivore presence should outweigh the costs of coexistence. This can be achieved by generating more local revenue, for instance through tourism or payments for presence (Sillero-Zubiri et al., 2004; Dickman et al., 2011) , and also by reducing the costs incurred locally as a result of carnivore presence. Our findings suggest that non-lethal mitigation can effectively reduce depredation and the economic costs of carnivores in the vicinity of livestock farming. Farmers saved 55.1 and 74.6% during the first and second years of nonlethal control, respectively, compared to expected losses during lethal control. Even where lethal controls were cheaper to implement than non-lethal methods, the lower-than-expected depredation resulted in savings in both years when non-lethal controls were used. There was a mean saving of USD 13.79 per head of stock in the first year of non-lethal control and USD 17.41 per head in the second, compared to what would be expected when using lethal control only. Overall, farmers saved a mean of > USD 20,000 during the first year of switching to non-lethal measures, which was equivalent to the value of 138 livestock. Initiating and operating non-lethal control during the first year was cheaper than continuing lethal control on the majority of study farms, and depredation rates were invariably lower. In short, nonlethal measures were cheaper than lethal control on 91% of the farms in the first year of implementation. On the one farm where the implementation costs were lower for lethal control, only low-intensity control was employed (Supplementary Table S1 ). In the second year, depredation remained low, running costs were minimal and all farms reported lower costs per head than under lethal control. The economic case for non-lethal approaches is further strengthened if the avoided losses from depredation under lethal control are considered. This made non-lethal predator control twice as lucrative during the first year and > 5 times so during the second year.
Large-scale, intensive and expensive lethal-control experiments have resulted in a 51-68% reduction in depredation rate (Guthery & Beasom, 1978; O'Gara et al., 1983; Wagner & Conover, 1999; Greentree et al., 2000) . This benefit is similar to, or less than, the 69.3 and 73.9% reduction we found during the first and second years of implementing non-lethal measures. Given the higher cost of lethal control, this suggests that non-lethal measures are a more economical option.
We are mindful that the design of our study lacked a formal control, as there was no sample of farms in the second and third years on which lethal control continued for comparison. Nonetheless, the reductions in cost and depredation were similar across all farms (irrespective of locations, biomes and environmental conditions). We do not have grounds to believe that the reduction in depredation that occurred during non-lethal control would have occurred without our experimental intervention, or that such a reduction occurred on comparable farms that continued to use lethal control. Farms neighbouring the study farms may have increased the intensity of their predator control but we have no evidence for this and it seems unlikely that this would have happened across all the disparate locations. Furthermore, seven of the experimental farms (Farms 5-11) were adjacent to protected areas, where there would have been no scope, legally, for control of predators; the remaining four had neighbours that practised lethal control. Some other confounding factor, such as infectious disease, could have reduced predator populations during the second and third years of our trial on all sampled farms but there was no evidence for this and it is unlikely to have occurred at all of the different sites. Farmers may have exaggerated reported losses during the first year of the survey to demonstrate their need for help, thereby distorting our findings, but this is unlikely to have occurred in every case. Although other studies have identified a positive correlation between carnivore absence and human presence (Ogada et al., 2003; Bunnefeld et al., 2006) there is no evidence that local human activity was substantially higher in the years when nonlethal control was implemented. Another possibility is that experimental cessation of lethal controls somehow diminished losses of non-target species, and consequently natural prey numbers increased more than the target predators, relieving the pressure on domestic stock. Although none of these potential explanations appears to be likely, we suggest that future studies are run with control sites and non-lethal trials concurrently for longer periods, to determine if and when predators either adapt to non-lethal measures (Brand et al., 1995) or repopulate to a level at which the control measures become ineffective (Gese, 2005) , and whether depredation and costs of control remain low in the long term. Understanding the effect of lethal controls on non-target species population densities could help to determine whether changes occur in their availability and frequency and whether this could affect depredation on livestock.
Although, under the particular circumstances of our trial, non-lethal methods yielded significant cost-savings, using lethal control is not purely an economic decision. Hunting of carnivores is often culturally and socially embedded and may provide intangible benefits such as social prestige and enjoyment (Hazzah et al., 2009; Marchini & Macdonald, 2012) . It is likely that many farmers will want to continue some form of carnivore hunting but if nonlethal methods continue to be effective it will be clear that this is driven more by cultural norms and satisfaction than economics. Furthermore, the adoption of non-lethal methods will depend on the local context; for example in many areas livestock-keepers may not have the means or the inclination to invest time, care and resources in livestock guardian dogs or exotic animals such as alpacas. Determining the most appropriate methods for the local socioeconomic and cultural environment is a vital step in encouraging farmers to adopt novel forms of non-lethal control. According to our interviews all 11 farmers were willing to pay for non-lethal control if it effectively reduced losses. However, 9 of the 11 farms were provided with such controls free of charge, which probably accelerated the rate of uptake, and two farmers bought and implemented the controls without financial support. Therefore, although many farmers may be willing to implement non-lethal controls they may not do so without incentives or support of some kind. However, attitudes towards predators are rarely based on economics alone but are influenced by a variety of personal factors, including beliefs and values, education, upbringing, tradition and culture (Zimmermann et al., 2005) .
Our observations indicate that after non-lethal controls are introduced, in most cases (82%) their use is continued or alternative non-lethal methods are tried, either in isolation or alongside lethal controls. Depredation increased on the two farms where only lethal controls were used and decreased on 50% of farms where only non-lethal methods were implemented. On the other 50% there was no change in the level of depredation. Where lethal and nonlethal controls were combined, losses to depredation decreased on 50% of farms, remained the same on 25% of farms and increased on the remaining 25%. Given that depredation increased when using lethal controls, it seems that the use of such controls is influenced by the attitudes of farmers and their neighbours as much as by any realized economic advantages.
Further and long-term controlled trials are needed to investigate whether the benefits we observed as a result of non-lethal controls are sustainable. Such trials could also evaluate predator habituation to non-lethal techniques and the effectiveness of methods such as using alpacas to guard against larger predators such as leopards. Our results suggest that non-lethal forms of livestock protection, whether livestock guardian animals or barriers such as collars, can efficiently and cost-effectively reduce depredation on domestic stock. These methods reduced the economic cost of livestock depredation by carnivores for at least 2 years, which is important for improving the local cost : benefit ratio of carnivore presence. They may also benefit conservation by reducing the motivation for retaliatory or pre-emptive killing of carnivores, and by reducing the effects of control on non-target species. The use of non-lethal conflict mitigation approaches may also be useful in reducing edge effects (Woodroffe & Ginsberg, 1998) on species and provide safety buffer zones adjacent to protected areas or along important wildlife corridors. Since this study was completed there has been a strong uptake in the use of various livestock protective collars, including in Iran.
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Table S1 Data for 11 commercial livestock farms in the Eastern Cape Province of South Africa, with the non-lethal control method used, the farm size, the number of livestock, the running costs of non-lethal control, the depredation costs, and the implementation costs in the first year of non-lethal control. 
